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Abstract

Better breeding strategies for captive Asian elephants in range countries are needed to increase populations; this requires a

thorough understanding of their reproductive physiology and factors affecting ovarian activity. Weekly blood samples were

collected for 3.9 years from 22 semi-captive female Asian elephants in Thai elephant camps to characterize LH and progestin

patterns throughout the estrous cycle. The duration of the estrous cycle was 14.6 � 0.2 weeks (mean � S.E.M.; n = 71), with

follicular and luteal phases of 6.1 � 0.2 and 8.5 � 0.2 weeks, respectively. Season had no significant effect on the overall length of

the estrous cycle. However, follicular and luteal phase lengths varied among seasons and were negatively correlated (r = �0.658;

P < 0.01). During the follicular phase, the interval between the decrease in progestin concentrations to baseline and the anovulatory

LH (anLH) surge varied in duration (average 25.9 � 2.0 days, range 7–41, n = 23), and was longer in the rainy season (33.4 � 1.8

days, n = 10) than in both the winter (22.2 � 4.5 days, n = 5; P < 0.05) and summer (18.9 � 2.6 days, n = 8; P < 0.05). By contrast,

the interval between the anLH and ovulatory LH (ovLH) surge was more consistent (19.0 � 0.1 days, range 18–20, n = 14). Thus,

seasonal variation in estrous cycle characteristics were mediated by endocrine events during the early follicular phase, specifically

related to timing of the anLH surge. Overall reproductive hormone patterns in Thai camp elephants were not markedly different

from those in western zoos. However, this study was the first to more closely examine how timing of the LH surges impacted estrous

cycle length in Asian elephants. These findings, and the ability to monitor reproductive hormones in range countries (and potentially

in the field), should improve breeding management of captive and semi-wild elephants.
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1. Introduction

The world’s populations of Asian elephants (Elephas

maximus), both in situ and ex situ, are decreasing at an

alarming rate (many are at the brink of extinction).

Therefore, it is crucial to breed elephants in captivity so

that captive stocks do not need to be supplemented by

removing animals from the wild [1]. Unfortunately,

captive breeding programs worldwide have met with

limited success and few ex situ elephant populations are

self-sustaining. Therefore, more effort is needed to

improve captive breeding management strategies and

understand the basic reproductive physiology of

elephants; this requires the ability to characterize the

estrous cycle of individual elephants and to identify the

most viable breeding candidates.

In general, the duration of the estrous cycle ranged

from 14 to 18 weeks. The non-pregnant luteal phase,

characterized by high progestin concentrations, ranged

from 10 to 14 weeks, with an interluteal phase (or

follicular phase) that lasted from 3–6 weeks (reviews [2–

4]) During the interluteal period, two surges of luteinizing

hormone (LH) occurred, a phenomenon not described in

other species. The first LH surge (anovulatory LH, anLH;

function unknown) did not induce ovulation, whereas

ovulation was induced by the second LH surge (ovulatory

LH, ovLH), which occurred 3 weeks later [4,5]. Estrous

cycle lengthswere oftensimilarwithin an individual, with

a large range (10–23 weeks) among females [6–11].

To date, the majority of endocrine studies on Asian

elephants have been conducted on captive females living

in western zoos. Under these conditions, climate, photo-

period and nutrition differed considerably from those in

native habitats, factors known to influence endocrine

function in other species. Whether these same influences

impacted reproduction of females under managed

conditions, e.g., Asian tourist camps, has never been

studied. However, increased knowledge of the relation-

ship between physiological parameters and timing of

reproduction, particularly in tropical regions, could offer

novel insights to improve breeding strategies [12].

The objective of the present study was to characterize

the reproductive endocrinology of semi-captive Asian

elephants in a range country, Thailand, and determine

how estrous cyclicity was influenced by season.

2. Materials and methods

2.1. Animal history and husbandry

Twenty-two mature Asian elephant females (average

age: 29.4 � 2.2 years; range 12–43) from the Thai

Elephant Conservation Center (National Elephant

Institute, Forest Industry Organization, Lampang,

Thailand, n = 16) and Maesa Elephant Camp (Chiang

Mai, Thailand, n = 6) were evaluated and described in

Table 1. Sixteen of these females were captive-born, and

13 had previously given birth to one or more calves.

Elephants at both facilities worked as tourist trekking

animals or performed in shows for no more than 3 h

daily (between 08.00 and 15.00). During the day and

when not working, female elephants were chained in a

shed among different female groups and provided grass,

banana, sugar cane, hay, rice grains, and water ad

libitum. Later in the afternoon, they were separately

tethered with a 30 m long chain to forage in different

areas of the forest overnight. Health examination was

performed by a veterinarian once or twice annually, and

an individual medical record was maintained. Body

condition score was assessed as described by Wemmer

et al. [13]. Females were kept separate from bulls, but

exposed to bulls regularly at a distance. In case of

increased sexual behavior during the late follicular

phase of the cycle, the cow and a bull were placed in the

forest to mate during the daytime, under observation of

the mahout.

2.2. Blood sampling and hormone analysis

A 10-mL blood sample was collected from an ear

vein once a week for 12–45 consecutive months. When

progestin concentrations decreased to baseline (i.e.,

during the follicular phase), blood was collected daily

(at the same time each day) until concentrations again

increased. Blood samples were allowed to clot at room

temperature for 1–2 h, and then centrifuged (2000 � g

for 5 min) to separate serum from blood cells. Serum

was stored in 1.5 mL aliquots at �20 8C.

Progestins and luteinizing hormone (LH) were

analyzed by enzyme immunoassay (EIA) as described

previously [14,15]. The progesterone EIA [16] utilized

a monoclonal progesterone antibody (1:10,000; Quidel

clone #425), horseradish peroxidase-conjugated pro-

gesterone label (1:40,000; C. Munro, University of

California-Davis, Davis, CA, USA), and progesterone

standards (catalog #P0130; Sigma Chemical Co., St.

Louis, MO, USA). This antibody crossreacted with a

variety of reduced pregnanes in serum and excreta in a

wide range of species, including elephants. Sensitivity

of the assay was 0.03 ng/mL. The inter-assay coefficient

of variation (CV) for the high concentration control was

15.1% and for the low control was 9.4%.

The LH EIA utilized a monoclonal antibovine LH

antiserum (518-B7), a biotin-conjugated ovine LH label,

C. Thitaram et al. / Theriogenology 69 (2008) 237–244238
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horseradish peroxidase-conjugated streptavidin (cata-

log #1089153; Roche Diagnostics, Indianapolis, IN,

USA) and bovine LH (NIH-LH-B10; AFP-5551B)

standards [17]. The biotinylated LH was prepared using

an EZ-LinkTM Sulfo-NHS-LC-Biotinylation kit (cata-

log #21430; Pierce, Rockford, IL, USA). Sensitivity of

the assay was 0.16 ng/mL. The inter-assay coefficient of

variation (CV) for the high concentration control was

7.60% and for the low control was 8.47%.

The progestin and LH EIAs were validated for

elephant serum by demonstrating parallelism between

serially diluted samples and the respective standard

curve, and 90% recovery of added standard hormone to

pooled samples [14].

2.3. Estrous cycle determination

From the calculation of average progestin concentra-

tions during the follicular and luteal phases as described

[18], a cut-off value of 0.3 ng/mL was used to identify a

baseline. The onset of the luteal phase was defined as the

first point at which serum progestin concentrations rose

above 0.3 ng/mL, and then remained elevated for at least

2 weeks. The estrous cycle was defined as the interval

between successive increase in progestins >0.3 ng/mL.

2.4. Seasonal and environmental determination

Lengths of the estrous cycle, luteal and follicular

phases were calculated for the three major seasons in

Thailand: rainy season (16 May–15 October), winter

(16 October–15 February) and summer (16 February–

15 May). Data regarding average temperature, humidity

and daylight length in each month of the study period at

18.478 north latitude was obtained (The Northern

Meteorological Center, Meteorological Department,

Ministry of Information and Communication Technol-

ogy, Chiang Mai, Thailand), and a temperature-

humidity index (THI) was calculated [19]. Some

estrous cycles, luteal and follicular phases overlapped

two seasonal; therefore, the season of each cycle or

phase was determined by the season in which the

majority of that cycle or phase occurred.

2.5. Statistical analysis

Estrous cycle characteristics were compared among

seasons using a mixed model method (SPSS 12.0; SPSS

Inc., Chicago, IL, USA) with estrous cycle, luteal phase

and follicular phase length as random effects, and

season as the fixed effect (a = 0.05), followed by a
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Table 1

Summary of female elephants evaluated in this study housed at the National Elephant Institute (Em1–Em16) and the Maesa Elephant Camp (Em17–

Em22)

Animal Age Origin Body condition

score (full score = 11)

Reproductive

history

Recent reproductive status

Em1 24 Captive born 9 Parity 2 Pregnant, postpartum period

and normal estrous cycle

Em2 23 Not available 10 Parity 1 Pregnant, postpartum period and

normal estrous cycle

Em3 24 Donated from Myanmar 10 Parity 2 Pregnant, postpartum period

and normal estrous cycle

Em4 45 Captive born 9 Parity 2 Normal cycling

Em5 25 Donated from Myanmar 10 Nulliparous Normal cycling

Em6 41 Captive born 9 Parity 2 Irregular cycling

Em7 12 Captive born 8.5 Nulliparous Normal cycling

Em8 12 Captive born 9 Nulliparous Irregular cycling

Em9 44 Captive born 10 Parity 3 Normal cycling

Em10 45 Captive born 10.5 Parity 4 Normal cycling

Em11 31 Captive born 10 No data Normal cycling

Em12 21 Captive born 6.5 Nulliparous Elevated progestins without cycling

Em13 28 Captive born 9 Nulliparous Ovarian inactivity

Em14 35 Captive born 7.5 Parity 1 Dystocia and retained dead fetus

Em15 – Not available 8 Parity 1 Normal cycling

Em16 38 Captive born 8 Parity 1 Pregnant

Em17 21 Wild caught 8.5 Parity 1 Pregnant and postpartum period

Em18 21 Captive born 8 Nulliparous Normal cycling

Em19 28 Captive born 8 Parity 2 Normal cycling and pregnant

Em20 28 Captive born 7.5 Nulliparous Normal cycling

Em21 34 Wild caught 7.5 Nulliparous Irregular cycling

Em22 38 Captive born 8 Parity 1 Irregular cycling
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Bonferroni test. Data were presented as mean-

s � S.E.M. Data were normally distributed; thus,

Pearson’s bivariate correlations were used to test the

relationship between follicular and luteal phase lengths

(a = 0.05). The effect of season on the mean interval

between the decrease in progestin concentration to

baseline and the anLH surge was calculated by one-way

ANOVA and a Bonferroni pairwise multiple compar-

ison procedure (a = 0.05).

One-way ANOVA was used to determine the effect

of season on mean progestin concentration, tempera-

ture, humidity, daylight length and THI (a = 0.05).

There was no homogeneity of variance for mean

temperature, humidity and THI; therefore, a Brown–

Forsythe and Welsch statistics test was used to test the

multiple comparisons of means between groups

(a = 0.05).

3. Results

Of the 22 elephants studied, 13 were cycling and

exhibited a total of 71 normal ovarian cycles (Table 1).

Regular cyclicity was observed in the youngest (12

years) and oldest (45 years) females. Mean serum

progestin and LH concentration across the estrous cycle

are shown in Fig. 1. The average estrous cycle length

was 14.6 � 0.2 weeks (range 10–19), with a luteal

phase length of 8.5 � 0.2 weeks (range 4–13) and a

follicular phase length of 6.1 � 0.2 weeks (range 3–11).

Average temperature (range 13.6–37.1 8C), humidity

C. Thitaram et al. / Theriogenology 69 (2008) 237–244240

Fig. 1. Mean (�S.E.M.) serum concentrations of progestins and LH throughout the estrous cycle (n = 71 cycles) in 13 normal cycling Asian

elephant females maintained under semi-captive conditions in Thailand. Day 0 was based on the first significant rise in serum progestins above

baseline and estimated to be the time of ovulation as synchronization ( ). The interval between the decrease in progestin concentrations to baseline

and the anLH surge (a) was quite variable, whereas the interval between the anLH and ovLH surges (b) was relatively consistent.

Fig. 2. Average temperature (maximum and minimum), humidity and daylight length in each month across the three major seasons in Thailand

(during the study period).
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(range 47.1–90.6%) and daylight period (range 10.4–

13.2 h) are shown (Fig. 2). The forest vegetation was

most abundant during the second part of the rainy

season and the first half of winter. Mean temperature,

humidity, daylight length and THI were different across

seasons (P < 0.05); however, progestin concentrations

did not differ (P = 1.0). The THI (range 59.9–88.3%)

was highest in the late summer and early rainy season.

The average lengths of the estrous cycle, and luteal and

follicular phases in each season are shown (Table 2).

There was no seasonal effect on overall cycle length

(P = 0.45), or duration of the luteal (P = 0.60) or

follicular phases (P = 0.24).

Within the 71 cycles, there was a negative correlation

between the lengths of the luteal and follicular phases

(r = � 0.658; P < 0.01; Fig. 3). The lengths of luteal

and follicular phases, and overall cycles, were incon-

sistent both within and among the individual females.

No estrous synchronization was observed among the

females living in the same elephant camp. The body

condition and health of normal and irregular cycling

elephants were not markedly different. Only one

elephant with a low body condition score (6.5) had

elevated progestins without estrous cycles. Daily serum

samples were collected from 10 of the 13 normally

cycling elephants; 23 anLH and 23 ovLH surges were

detected. The interval between the decrease in progestin

concentrations to baseline and the anLH surge was

25.9 � 2.0 days (range 7–41, n = 23), which was more

variable than the interval between the anLH and ovLH

surges (19.0 � 0.1 days; range 18–20, n = 14). The

interval between the decrease in progestin concentra-

tions to baseline and the anLH surge during the rainy

season was longer than that in both winter (P = 0.033)

and summer (P = 0.001; Table 3).

4. Discussion

This study confirmed that general estrous cycle

characteristics such as overall cycle length and the

interval between anLH and ovLH surges, were similar

between elephants in temperate-climate zoos [3–5,20]

and semi-captive animals living in northern Thailand.

However, with the benefit of a detailed analysis, this is

the first report that the follicular phase pattern of Thai

elephants was significantly affected by season. Across

all seasons, the interval between the decrease in

progestin concentrations to baseline and the first anLH

surge was more variable (range 7–41 days) than that

reported for other Asian elephants (range 16–23 days;

[5,14]), as well as between the anLH and ovLH surges

(range 18–20 days). The 26-day overall mean interval to

the anLH surge was also longer than that reported for

African (12 days [20]) and Asian (19 days [5]) elephants

living in western zoos. Upon closer inspection, the

difference in early follicular phase dynamics in Thai

elephants was due to a longer interval between the

decrease in progestin concentrations to baseline and the

anLH surge during the rainy season only. Though not

significant (P = 0.239), elephants also had a longer

overall follicular phase length during this season. By

comparison, intervals during the winter and summer

C. Thitaram et al. / Theriogenology 69 (2008) 237–244 241

Table 2

Mean (�S.E.M.) duration of the estrous cycle, follicular and luteal phases of Asian elephants during the rainy season, winter and summer, with the

number of cycles recorded for each season

Estrous cycle (weeks) No. Luteal phase (weeks) No. Follicular phase (weeks) No.

Rainy season 14.9 � 0.3 28 8.7 � 0.3 26 6.6 � 0.3 25

Winter 14.4 � 0.3 21 8.2 � 0.4 23 5.8 � 0.4 22

Summer 14.5 � 0.3 22 8.5 � 0.4 22 5.9 � 0.3 24

14.6 � 0.2 71 8.5 � 0.2 71 6.1 � 0.2 71

Fig. 3. Correlation between lengths of the luteal and follicular phases

(over 71 estrous cycles) in Asian elephants.
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months were 22 and 19 days, respectively, not vastly

different from other reports in Asian elephants [5,14].

A similar seasonal influence on early follicular phase

activity has not been documented for elephants in

western zoos. The cause of this effect in Thai elephants

was not known, but might be due to thermoregulatory

stress in response to sultry weather conditions, as

reflected by the high THI in the late summer and early

rainy season. Elephants have a relatively low-body

surface to volume ratio and could be susceptible to

overheating. Therefore, a hot, humid environment might

alter activity of the hypothalamo-pituitary-adrenal (HPA)

and/or hypothalamic-pituitary-ovarian (HPO) axes dur-

ing the early follicular phase, decreasing GnRH secretion

and delaying an LH surge [21,22]. By contrast, once the

first LH surge occurred, subsequent endocrine events

appeared to be more spontaneous, or at least not affected

to the same degree by external factors. Thus, in these

animals, overall cycle length was more dependent on

timing of resumption of gonadotropic activity after the

removal of progestin block at the end of the luteal phase,

than on any other endocrine parameter. Only one other

report described temporary ovarian inactivity (i.e.,

extended nonluteal periods) up to 15 weeks in duration

in a group of three captive African elephants in North

America [23]. Unlike that study, however, longer

intervals to the anLH surge were only found in the

winter months and were associated with time spent

indoors. Thus, although not analogous, results of these

two studies suggested more work was needed to

determine the effect of climate, both hot and cold, on

gonadotropin secretion and ovarian activity in elephants.

In dairy cattle, heat stress increased adenocorticotropin

(ACTH) and cortisol that suppressed or affected the

preovulatory LH surge and estrous [24,25].

Seasonal influences related to food and water avail-

ability also impacted ovarian steroid activity in free-

ranging African elephants [12,26]. In the mare, a seasonal

polyestrous breeder, the luteal phase is relatively

constant, whereas the follicular phase is variable and

the major determinant of the estrous cycle length [27], not

unlike that observed in Thai elephants. Furthermore, the

follicular phase in mares is shorter during the peak

breeding season (late spring, summer and early fall) and

longer during the transitional period (early spring and late

fall) [28]. For elephants living in a natural situation and

tropical climate, having estrous periods occur more often

in winter and summer would ensure parturition 22

months later during the late rainy season and winter when

food was more abundant, not unlike that described for

free-ranging African elephants [29].

Long and short luteal phases have been reported in

African elephants [30], but not in Asian elephants. In

African elephants, short luteal phases were only 2–3

weeks in duration, which was shorter than the shortest

luteal phase of 4 weeks and overall means of approxi-

mately 8.5 weeks in the present study. Interestingly, luteal

and follicular phase lengths were often negatively

correlated, with a short luteal phase followed by a long

follicular phase, and vice versa. This resulted in fewer

aberrant overall cycle lengths as compared to individual

luteal and follicular phase lengths. Currently, there is no

explanation for this relationship, or published reports as

to whether it occurs in other elephant populations.

In contrast to the variation between serum progestins

return to baseline level and the anLH surge, the interval

between the two LH surges was very consistent at

approximately 19 days, similar to previous reports in

both species [3–5,20,31,32]. As in other mammals, the

ovLH surge in elephants plays a role in ovulation,

terminates the follicular phase and initiates the luteal

phase [3–5,20,31,32]. By contrast, the function of the

anLH surge remained unclear. It appeared, however,

that timing of the anLH surge had a significant influence

on the overall length of the follicular phase. Two

distinct waves of follicular development occurred at 3-

week intervals during the follicular phase, at least in

African elephants [31], presumably under the influence

of FSH [33]. For unknown reasons, the timing of the

first wave was not as tightly controlled as that of the

second wave. Longitudinal ultrasound examinations are

needed to determine whether the wide variability in the

timing of the anLH surge was related to a delay in

initiation of the first follicular wave. From an ecological

standpoint, a prolonged follicular phase might be

necessary for females to attract mating bulls, which

often travelled long distances in search of estrous

females. To that end, pheromones in urine were known

to occur prior to the anLH surge and reached maximal

concentrations just before the ovLH surge [34].

In summary, a seasonal effect on the reproductive

cycle of Asian elephants living in a range country,
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Table 3

Mean (�S.E.M.) intervals between the decrease in progestin concen-

trations to baseline and the anLH surge in Asian elephants across the

three major seasons in Thailand

Season No. Mean � S.E.M. (days) Range

Rainy 10 33.4 � 1.8 a 25–41

Winter 5 22.2 � 4.5 b 12–37

Summer 8 18.9 � 2.6 b 7–28

23 25.9 � 2.0 7–41

Within a column, values without a common letter differed

(P < 0.005).
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Thailand was identified, and apparently mediated by

timing of the anLH surge, relative to removal of the

progestin block at the end of the luteal phase. This

timing has a direct effect on the overall length of the

follicular phase. A similar relationship has not been

documented in other populations of Asian or African

elephants. Thus, it is clear that long-term reproductive

monitoring of elephants living in different regions of the

world is needed to more fully understand the factors

affecting reproductive potential. For any captive

breeding program, determination of estrous is an

important management tool to ensure females mate

with bulls at the appropriate stage of the cycle. This is

especially true for working elephants in Thailand,

where there is often conflict between the time and

labour necessary to breed elephants and daily work

activities. Given the importance of elephants in Thai

culture and other Asian range countries, it is imperative

to develop practical strategies to sustain and conserve

this species, both in situ and ex situ.
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